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Abstract
Radio observations of cool stellar systems provide unique information on their magnetic ﬁelds, high-energy processes, and
chemistry. Buoyed by powerful new instruments (e.g. ALMA, JVLA, LOFAR), advances in related ﬁelds (e.g., the Gaia astro-
metric revolution), and above all a renewed interest in the relevant stellar astrophysics, stellar radio astronomy is experiencing
a renaissance. In this splinter session, participants took stock of the present state of stellar radio astronomy to chart a course
for the ﬁeld’s future.
1 Introduction
In this splinter session, participants discussed stellar ra-
dio astronomy with an emphasis on latest results, synergies
across the spectrum, and an outlook for the next decade. A
total of ten presentations was selected to complement radio-
themed plenary talks by Rachel Osten, Meredith MacGregor,
and Jan Forbrich, published elsewhere in these proceedings.
Additionally, poster presenters were able to highlight their
work in a poster pops slot. The session concluded with an
open discussion.
This splinter session mainly focused on nonthermal radio
emission. In the context of cool star radio astronomy, this
traditionally encompassed mainly (gyro)synchrotron radia-
tion at centimeter and millimeter wavelengths, i.e., emission
from (mildly) relativistic electrons in magnetic ﬁelds. But re-
cent years have shown a variety of other ways in which radio
observations can deliver astrophysical insight. The discov-
ery of brown dwarf radio emission has rekindled interest in
electron cyclotron maser (ECM) emission as just one of sev-
eral intriguing physical mechanisms in this regime, many of
which are stepping stones toward studies of low-frequency
exoplanetary radio emission. VLBI observations of stellar ra-
dio emission can be used to obtain precision astrometry – and
hence precise measurements of fundamental parameters – of
ultracool dwarfs or young stellar objects that are not accessi-
ble even to Gaia. Broadband, high-time-resolution studies of
ﬂares reveal the detailed plasma processes operating in the
coronae of other stars.
The world’s best present-day radio observatories – chieﬂy
the VLA and ALMA – launched the stellar radio astronomy
renaissance. This is particularly true for constraints on non-
thermal emission, which are particularly dependent on con-
tinuum sensitivity. Spectral indices, polarization, and vari-
ability all require high S/N detections to derive meaningful
constraints. The upgraded VLA and VLBA as well as Arecibo
now provide such information in the cm wavelength range,
ALMA is doing so in the mm wavelength range, and LO-
FAR, MWA, LWA, HERA, and GMRT are making new for-
ays into the low-frequency range. As a result of these newly
feasible measurements, we are obtaining unique information
on the role of magnetic ﬁelds on various scales and a new
and complementary perspective on high-energy processes.
These scales now even include outﬂows/jets from protostars
and T Tauri stars, providing initial evidence for magnetic
ﬁelds in young stellar environments.
The new generation of low-frequency radio observatories
promises to ﬁgure especially prominently in the upcoming
decade of stellar radio astronomy. These observatories can
monitor the whole sky nearly continuously, surveying for
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stellar ﬂares, coronal mass ejections, and other heliospheric
phenomena. They are also expected to be the only facilities
that will be able to directly probe themagnetic ﬁelds of extra-
solar planets, through auroral radio bursts, providing unique
insight into an essential facet of exoplanetary habitability.
There are important synergies of nonthermal radio emis-
sion with other wavelength ranges, as featured in this splin-
ter session. These are mainly due to the beginning of radio
time domain astronomy with the advent of sensitive contin-
uum receivers, as seen for instance in the nearly-complete
MeerKAT telescope. It is now possible to systematically
study high-energy processes in both the X-ray and the ra-
dio time domain, and capabilities for doing so will increase
dramatically when eROSITA commences operations. Under-
standing the correlations between optical and radio variabil-
ity will be essential in the era of ﬁrst TESS, then LSST.
In the following, we brieﬂy present highlights from the ses-
sion presentations, in the order of appearance.
2 Session highlights
2.1 Simulating Radio Emission from Low Mass Stars
(Moira Jardine)
One of the enduring puzzles about very low mass stars is
that they appear to be radio bright (relative to their X-ray
luminosity). Most solar-like stars follow a well-deﬁned rela-
tionship between their radio and X-ray luminosities known
as the Güdel-Benz relation, Benz & Güdel, 1994). This can
be understood as two forms of emission (the thermal X-ray
emission and the non-thermal radio emission) that originate
from the same population of electrons accelerated in ﬂares.
The puzzle about the very low-mass stars is that they appear
to have excess radio emission over and above what might be
expected from this process.
One possible explanation is that another process (electron-
cyclotron maser emission) is contributing in these objects.
To explore this we have taken (almost) simultaneous obser-
vations of the surface magnetic ﬁeld for V374 Peg and its ra-
dio lightcurve from the VLA. By extrapolating the 3D stellar
magnetic ﬁeld andmodelling the electron cyclotron emission
we have produced a synthetic radio lightcurve that ﬁts well
to the observed one (see Figure 1; Llama et al., 2018). This
demonstrates the role of the ﬁeld geometry in determining
the nature of the radio emission and provides a new tech-
nique for studying the radio emission from low mass stars.
2.2 Resolved imaging of the quiet and ﬂaring radio
corona of active M dwarfs (Jackie Villadsen)
Active M dwarfs produce bright radio emission at GHz
frequencies: quiescent emission, incoherent ﬂares, and co-
herent bursts. The quiescent emission and incoherent ﬂares
are generally attributed to gyrosynchrotron emission from
mildly relativistic electrons spiraling around magnetic ﬁeld
lines, although the electron cyclotron maser may be respon-
sible for the quiescent emission from V374 Peg (Llama et al.,
2018). As such, radio emission provides the only direct means
of observing energetic particles in stellar atmospheres. Un-
derstanding particle acceleration in stellar atmospheres is
important to predict the energetic particle ﬂux that can in-
teract chemically with exoplanet atmospheres (e.g., Howard
et al., 2018). However, in modeling the radio light curve and
spectral index, the properties of the energetic electron distri-
bution are degenerate with the magnetic ﬁeld strength and
Figure 1: Simulating radio emission from V374 Peg, see
Llama et al. (2018).
source size. Measuring the sizes of radio sources, and lo-
calizing them relative to the photosphere, thereby anchoring
them to photospheric magnetic ﬁeld measurements, can help
relieve this degeneracy.
The Very Long Baseline Array (VLBA) at 8.4 GHz achieves
a resolution 1-3 times larger than the photospheres of nearby
Mdwarfs, enabling source localization and sizemeasurement
to a fraction of the photospheric diameter in cases with high
signal-to-noise ratio. VLBI has been used for astrometry of
active M dwarfs at 1.4 GHz (Benz & Alef, 1991; Benz et al.,
1995) and 8.4 GHz (Bower et al., 2009, 2011). In addition,
observations at 8.4 GHz have shown that the radio corona
of active M dwarfs is sometimes resolved: Benz et al. (1998)
observed 2 lobes separated by 4 stellar diameters during a
ﬂare on M6 dwarf UV Ceti, and Pestalozzi et al. (2000) ob-
served a radio source 1.7 times larger than the photosphere
during quiescent and ﬂaring emission. 2015 8.4-GHz VLBA
observations of UV Cet (Figure 2) and AD Leo, with three 4-
hour epochs per target, found distinct behavior on these two
stars (Villadsen et al., in prep). AD Leo was resolved in 2 of
3 epochs with source size consistent with the photospheric
diameter in all epochs, suggestive of quiescent radio emis-
sion originating from the low corona, with a minutes-long
ﬂare in one epoch oﬀset from the quiescent source by 0.9
stellar diameters. The quiescent emission from UV Cet was
resolved in 3 of 3 epochs, all consistent with a source size
of ∼3 by 2 stellar diameters, and with each epoch contain-
ing a coherent burst associated with a radio aurora. In two
of three epochs, UV Cet’s quiescent emission shows a dipolar
structure in Stokes V. The large scale and dipolar structure of
UV Cet’s quiescent emission suggest that the radio emission
originates from a population of electrons in the large-scale
magnetic dipole ﬁeld. Such studies can be carried much fur-
ther in future if the Next Generation VLA oﬀers long baseline
capabilities, which would provide the sensitivity to image
thermal emission from nearby stars, including the free-free
or gyrosynchrotron emission associated with stellar coronal
mass ejections (Osten et al., 2018).
2 Zenodo, 2018
The 20th Cambridge Workshop on Cool Stars, Stellar Systems, and the Sun
Figure 2: VLBA 8.4 GHz image of UV Cet: Stokes V
(grayscale) overlaid with Stokes I (contours). The white oval
shows the synthesized beam. Right polarization (white, orig-
inating from a region with northern magnetic polarity) and
left polarization (black, originating from a region with south-
ernmagnetic polarity) peak at locations separated by roughly
a stellar diameter, suggestive of emission associated with the
stellar magnetic dipole ﬁeld.
2.3 Examining StellarCME candidates: Does the solar
ﬂare-CME relation extend to other stars?1 (Soﬁa
Moschou)
A well established relation between solar CMEs and ﬂares
has been revealed thanks to decades of direct observations.
Solar statistical studies (e.g., Yashiro & Gopalswamy, 2009;
Aarnio et al., 2011; Drake et al., 2013) show that strong
ﬂares are associated with faster and more massive CMEs and
their correlation increases with increasing respective ener-
gies. The continuously growing number of conﬁrmed ex-
trasolar systems, particularly around M dwarfs, requires the
evaluation of the impact that stellar activity, and in particular
CMEs and ﬂares, might have on habitability. Stellar ﬂares and
super-ﬂares (Ek > 1033 erg) have been observed in diﬀerent
wavelengths from X-rays to radio wavelengths (e.g., Osten
et al., 2005; Huenemoerder et al., 2010; Notsu et al., 2016).
However, direct imaging of stellar CMEs is currently impos-
sible, so indirect observational methods need be employed.
The three main observational techniques for capturing stel-
lar CME signatures are measuring a) Type II radio bursts, b)
Doppler shifts in UV/optical lines, and c) continuous absorp-
tion in the X-ray spectrum. Here we examine themost proba-
ble CME candidates up to date together with their kinematics
and energetics (Moschou et al. 2018, in prep., from now on
M18).
In an earlier paper Moschou et al. (2017) analyzed an ex-
treme super-ﬂare from the Demon star (Algol binary) using
the CME cone model, a geometric model often used in so-
1See poster at https://doi.org/10.5281/zenodo.1405132
Figure 3: CME mass (upper panel) and kinetic energy (lower
panel) with respect to the X-ray ﬂaring energy of the associ-
ated CME. Solar events are indicated with ﬁlled black sym-
bols, while stellar events are indicated with green ﬁlled sym-
bols. Historic energetic solar events are also shown (orange
and white symbols). Our preliminary results compiled using
historic observations indicate that in the stellar regime the
solar trends stand with the CME kinetic energy reaching a
plateau gradually.
lar physics. Moschou et al. (2017) estimated the CME mass
and kinetic energy which were in agreement with the solar
trend, given the spread of the solar events and the large er-
rors they calculated. The super-ﬂare was observed in X-rays
through continuous absorption (Favata & Schmitt, 1999) and
is probably the best CME candidate to date. Measurements
of Doppler shifts in lines such as Hα &Hγ can also be used to
estimate stellar outﬂows (e.g., Vida et al., 2016). There are a
few historic measurements that captured speeds larger than
the local escape speeds. Finally, Type II radio bursts are as-
sociated with CME shock waves in the Sun. Unfortunately,
there is no Type II radio burst observed in another star yet
(e.g., Crosley & Osten, 2018). We use all the X-ray contin-
uous absorption and EUV blueshift observations consistent
with an escaping mass up to date in an eﬀort to examine the
extension of the solar CME ﬂare relation towards the high-
energy limit for active stars (M18). Our preliminary results
indicate that a similar energy partition between ﬂares and
CMEs stands for active stars with a CME kinetic energy that
gradually reaches a plateau with increasing ﬂaring X-ray en-
ergy (M18, see Figure 3).
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2.4 Evryscope detection of the ﬁrst Proxima super-
ﬂare: Habitability Impacts and Multi-Messenger
Opportunities (Ward Howard)
InMarch 2016, the Evryscope observed the ﬁrst naked-eye-
visible superﬂare from Proxima Centauri (see Figure 4). The
Evryscope array of small optical telescopes recorded the su-
perﬂare as part of an ongoing survey of all bright southern
stars, monitored simultaneously at 2 minute cadence since
2015. In light of large Proxima ﬂares observed in the X-ray
(Güdel et al., 2004) and sub-mm (MacGregor et al., 2018), we
explore the contributions that continuous Evryscope mon-
itoring bring to multi-wavelength studies of M-dwarf ﬂare
morphology and evolution, and the impacts on spaceweather
environments of planets such as Proxima b. By modeling the
photochemical eﬀects of particle events accompanying large
ﬂares in a recently-accepted letter, we ﬁnd repeated ﬂaring is
suﬃcient to reduce the ozone column of an Earth-like atmo-
sphere at the orbit of Proxima b by 90% within ﬁve years and
99.9% over geologically-short timescales. Assuming com-
plete ozone loss, surface UV-C levels during the Evryscope
superﬂare reach 100× the intensity required to kill simple
UV-hardy microorganisms, suggesting that life would strug-
gle to survive in the areas of Proxima b exposed to these
ﬂares.
With the recent launch of TESS (Ricker et al., 2014), which
observes most stars for 27 days, multi-year Evryscope moni-
toring will help constrain both the emission mechanisms and
habitability impacts of stellar ﬂares for all the bright stars
in the TESS ﬁeld. In conjunction with Evryscope’s long-
wavelength radio counterpart, we discuss how simultane-
ous monitoring of the visible sky by Evryscope and the LWA
(Hallinan&Anderson, 2017)may localize radio ﬂares and po-
tentially exoplanet auroral radio bursts. Furthermore, a cycle
6 ALMA proposal (PI: M. MacGregor) for 40 hours of simul-
taneous Evryscope and ALMA observations of large sub-mm
ﬂares on Proxima has been accepted with a priority grade of
A. We discuss how we may constrain any associated ﬂare
blackbody emission to sub-mm events with Evryscope, pro-
viding insight into the currently-unknown emission mecha-
nism and habitability impacts of these ﬂares.
2.5 Low-frequency GMRT observations of ultra-cool
dwarfs2 (Andrew Zic)
Ultra-cool dwarfs (UCDs; spectral type >M7) are objects
which span the gap between the lowest mass stars and the
highest mass planets. Their fully-convective interiors ini-
tially led beliefs that they should not have large-scale mag-
netic ﬁelds (Durney et al., 1993). In addition, standard stel-
lar magnetic activity tracers such as Hα and X-ray luminos-
ity drop sharply for UCDs (Mohanty & Basri, 2003). The
strong non-thermal radio emission detected from around 10%
of UCDs was therefore unexpected, as it shows that these
objects are capable of generating strong, large-scale mag-
netic ﬁelds. Due to their very low Hα and X-ray luminosi-
ties, radio-frequency observations have been vital to under-
standing the physical processes operating in UCD magneto-
spheres. Most radio-frequency studies of UCDs have taken
place between 4 and 8 GHz, where traditional radio inter-
ferometers are typically most sensitive. Hence, the nature
of low-frequency emission (<1.4 GHz) from UCDs remains
2See talk slides at https://doi.org/10.5281/zenodo.1407817
Figure 4: Evryscope discovery of a naked-eye-brightness su-
perﬂare from Proxima in March 2016. The y-axis is the ﬂux
increase over Proxima’s median g-band ﬂux from the previ-
ous hour. Bars show the integration time of each individ-
ual ﬂux measurement. Insets display cutout images over the
course of the ﬂare.
relatively unexplored, and could provide insights into the
coronal and magnetospheric properties of these stars. In
particular, low-frequency observations probe the optically-
thick side of the quiescent UCD spectral energy distribution
(SED). This allows the spectral turnover frequency to be ac-
curately determined by comparing low-frequency (optically-
thick) and high-frequency (optically-thin) ﬂux density mea-
surements. This provides a further constraint on coronal
properties of the UCD that can be obtained bymodeling their
non-thermal gyrosynchrotron radiation.
We have observed nine UCDs at around 610 and 1300MHz
with the Giant Metrewave Radio Telescope. We have de-
tected quiescent gyrosynchrotron radiation from two UCDs:
LSPM J1314+1320, and 2MASS J0746+20, making these the
lowest-frequency detections of UCDs to date. Using these
new low-frequency measurements, and measurements at
higher frequencies available in the literature, we are able to
determine that the spectral turnover of LSPM J1314+1320 is
at approximately 2.2 GHz. The nonsimultaneous SED for
LSPM J1314+1320 is shown in the attached ﬁgure. Using this
information, we make order-of-magnitude estimates of the
coronal magnetic ﬁeld strength of 20 G, and electron num-
ber density 107 cm−3. One important limitation is that our
low-frequency measurements were non-simultaneous with
measurements at higher frequencies, which introduces un-
certainty into the radio spectral shape and therefore to the
coronal parameter estimates. We plan to take simultaneous
multi-frequency observations in the near future to overcome
this issue.
2.6 Serendipitous discovery of variability at low ra-
dio frequencies: the case of M-dwarf star Ross 867
(Luis Quiroga-Nuñez)
Dynamic activity in the stellar atmosphere of late-type
dwarf stars with a spectral type of ∼M4 has widely been
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Figure 5: Non-simultaneous SED of LSPM J1314+1320, with
measurements taken from the Very Large Array FIRST sur-
vey, McLean et al. (2011), Williams et al. (2015), Metodieva
et al. (2017), and Zic et al. (this work; in prep.). Despite long-
term variability evident at higher frequencies, a turnover at
approximately 2.2 GHz is apparent.
studied before (e.g., Bochanski et al., 2007; West et al., 2008.
Serendipitously, we have discovered radio emission from the
binary system Ross 867-868 while inspecting archival Giant
Metrewave Radio Telescope (GMRT) observations nearby the
galaxy cluster RXJ1720.1+2638. The binary system consists
of two M-dwarf stars separated by around 200 AU that share
similar characteristics such as spectral type, emission at op-
tical, infrared and X-rays, and astrometric parameters.
By searching within various archives, more observations
were found of this system, ranging from 1984 with the Very
Large Array (VLA) in 1984 to Low Frequency ARray (LO-
FAR) in 2017. While in most of the observations, Ross 867 has
been detected (except for LOFAR at 145 MHz due to dynamic
range limitations), Ross 868 remains undetected in the radio
archival data inspected (VLA, GMRT and LOFAR). Data from
the GMRT at 610 MHz taken on 24 July 2011 shows that the
radio emission from Ross 867 is highly variable on hour time
scales, with the highest peak ﬂux of 12 mJy/beam. Figure 6
shows the light curve for Ross 867 over more than 8 hours,
where the emission of a close-by quasar is shown as refer-
ence (∼37 mJy). Further studies will include a radio circular
polarization measurement and a comparison of the positions
of the optical and radio emissions using Gaia DR2 data and
(proposed) EVN VLBI observations.
2.7 Occultations as a Window into Circumstellar Ar-
chitecture: RW Aurigae (Joseph Rodriguez)
The circumstellar environment around a young stellar ob-
ject can directly inﬂuence the eventual architecture of plan-
ets that will form from the gas and dust within its circumstel-
lar disk. Speciﬁcally, the gravitational forces from a stellar
companion can signiﬁcantly disrupt the gas and dust within a
circumstellar disk (Clarke& Pringle, 1993). The archetype for
the impact of binary interactions on disk evolution and possi-
bly planet formation is the classical T Tauri star, RWAurigae.
From 12CO mapping using the Plateau de Bure Interferome-
ter (PdBI), it was discovered that the disk around RW Aur A
had recently undergone a stellar ﬂy-by from its companion
RW Aur B, resulting in a short truncated disk around RW
Figure 6: Radio light curve for Ross 867 obtained using GMRT
data at 610 MHz on 24 July 2011. The blue points represent
the Ross 867 emission and the red points show the emission
of the close-by quasar J171949+263007, while the horizontal
dashed line represents the normalizedmean peak ﬂux of both
sources.
Aur A and a large tidal stream wrapped around both stars
(Cabrit et al., 2006). Recently, RW Aurigae was re-observed
at high spatial resolution (∼ 0.25′′) using the Atacama Large
Millimeter/submillimeter Array (ALMA). From these obser-
vations, multiple tidal streams were discovered (Rodriguez
et al., 2018, see Figure 7). The additional tidal streams suggest
that multiple ﬂy-bys of RW Aur B have occurred, repeatedly
disrupting the circumstellar disk around RW Aur A.
Additionally, the RW Aurigae system has been photomet-
rically observed since the late 1890’s (Beck & Simon, 2001,
see Figure 7). In 2010, RW Aurigae experienced a ∼2 mag-
nitude dimming event for ∼180 days (Rodriguez et al., 2013)
with no event of similar depth and duration ever being seen
prior (Berdnikov et al., 2017; Rodriguez et al., 2018). Since
the 2010 event, RW Aurigae has undergone four additional
dimming events, each varying in depth and duration (Petrov
et al., 2015; Rodriguez et al., 2016; Berdnikov et al., 2017; Ro-
driguez et al., 2018). While the cause of the events is unclear,
the accumulation of over a century of photometric observa-
tions provides the unique opportunity to search for periodic
phenomena on spatial scales of up to ∼20 au, similar to the
spatial resolution of the ALMA observations. With RWAuri-
gae continuing to be photometrically monitored from groups
like the the American Association of Variable Star Observers
(AAVSO) and future ALMA observations of RW Aurigae ex-
pected to resolve down to a few AU, we may be able to di-
rectly link speciﬁc photometric phenomena to observed ar-
chitectural features. These future observations may provide
insight into star-disk interactions and their impact on planet
formation.
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Figure 7: (Upper panel) Recreation of Figure 1 from Ro-
driguez et al. (2013, 2016) showing the full ∼110 year long
lightcurve from AAVSO (Black), Wesleyan (Green), KELT
(Blue), and ASAS-SN (Red) of RW Aur. (Lower panel) Fig-
ure 9 from Rodriguez et al. (2018) showing the Moment-1
map overlaid with moment-0 contours. The original tidal
arm discovered by Cabrit et al. (2006) is labeled “α", the sec-
ond counter spiral arm is labeled “β”and the two new tidal
streams identiﬁed are labeled “δ" and “γ". The dashed black
line outlines the two spiral arms that form the apparent ring
and the additional tidal streams to the NW.
2.8 Planet formation inside 10 AU: the disc of DG
Tau A observed with the Planet-Earth Building-
Blocks Legacy eMERLIN Survey (Emily Drabek-
Maunder)
Planet Earth Building-Blocks – a Legacy eMERLIN Survey
is mapping ‘pebbles’ (cm-sized dust grains) at 5 cm wave-
lengths for protostars at a range of evolutionary stages and
masses. The survey focuses on nearby star-forming regions
to systematically study discs with a high potential for planet
formation. The 40 mas resolution (5-9 AU) allows us to sepa-
rate disc zones comparable to where terrestrial and gas giant
planets form in our Solar System. The ability to image grain
growth within a few AU of young stars is a unique eMERLIN
capability, allowing the investigation of how planetary cores
are made and the search for protoplanet candidates.
Commissioning observations of DG Tau A (Class I-II, low-
mass) at 4-6 cm detected the resolved disc, easily distin-
guished from jet emission (Figure 8). The extended disc
source ﬂux is consistent with an SED predicted by extending
the submillimetre and millimetre dust emission down to cm
wavelengths (spectral index α ∼1.9, consistent with thermal
dust emission). Estimates of the 1 cm dust grain mass indi-
cate the solid mass is very substantial at ∼800 MEarth, but
as expected given that the dust emission is extremely radio
bright. For comparison, the solar system contains only∼44–
70 MEarth of solids in the cores of the four gas giants, with
∼2MEarth additionally in the terrestrial planets.
Figure 8: eMERLIN ∼4.5 cm data of DG Tau A at 3-10 σ in
1σ increments (with beam size 120×80 mas). The disc major
axis is the the SE-NW direction with disc inclined 35 degrees
out of the sky plane. The south-western protrusion from the
source centre is jet emission which is fully resolved from the
disc.
2.9 Scaling laws for election cyclotron maser emis-
sion: How CMI emission characteristics diﬀer
in planetary and stellar magnetospheres (Robert
Mutel)
Electron cyclotron maser emission (ECMI) has been de-
tected both from planetary and stellar magnetospheres.
However, since the plasma environments for these two
classes are quite diﬀerent, scaling laws used to infer physical
properties at the source from observed emission characteris-
tics can also be diﬀerent. Most importantly, in stellar plasmas
electron energies could be much higher than the planetary
case. This means that the usual assumption that the observed
frequency is equal to the electron gyro-frequency (ωce), and
hence a direct measure of the magnetic ﬁeld strength, could
be signiﬁcantly in error, because the allowed EMCI emission
frequency range (RX-mode) extends down to the relativistic
gyrofrequency: ωce/γ < ω < ωce, where γ is the Lorentz
factor. This can be signiﬁcantly less than ωce for energetic
electrons (e.g., γ = 1.5 for E = 250 keV). Also, the plasma
density, normally assumed to be constrained by the relation
ωpe ≪ ωce, can be much higher, since the cutoﬀ condition is
actually
ωpe
ωce
<
√
γ − 1
γ
(1)
In addition, the growth rates for L-Omode, which are typi-
cally much lower than R-X mode in planetary environments,
may be higher than R-X in a stellar environment when the
density is high. Finally, the beaming angle is strongly de-
pendent on electron energy and density, resulting in a com-
plex density and frequency-dependent angular structure, as
shown in Figure 9.
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Figure 9: Growth rates (color-coded) as a function of beaming
angle w.r.t B- ﬁeld normal for EMCI emission in R-X and L-O
modes, for ωpe/ωce = 0.03. Upper panel and lower panels
have diﬀerent loss-cone geometries (Mutel et al. 2018).
2.10 Resolving the Radio Surfaces of AGB Stars (Lynn
Matthews)
Stars on the asymptotic giant branch (AGB) return up to
80% of their initial mass to the interstellar medium. These
stars are one of the primary sources of dust and chemical en-
richment in galaxies. Themass-losing winds of AGB stars are
thought to be primarily dust-driven, but some additional (and
still poorly understood) physics is required to transport ma-
terial from the stellar surface to the wind launch region. This
process likely involves some combination of shocks, pulsa-
tion, and/or convection.
Fortuitously, AGB have detectable “radio photospheres” ly-
ing at roughly twice the classic photospheric radius mea-
sured at optical wavelengths (Reid & Menten, 1997). Radio
continuum studies of AGB stars therefore oﬀer a powerful
means to probe the atmospheres of these stars just inside the
critical region where dust formation occurs and the stellar
wind is launched. For the nearest AGB stars (d <150 pc), it is
possible to resolve the radio photosphere at millimeter wave-
lengths using the long-baseline conﬁgurations of the VLA
and ALMA, enabling the deviation of fundamental stellar pa-
rameters and the imaging of surface features.
Matthews et al. (2015, 2018) recently observed ﬁve nearby
AGB stars with the VLA at λ ≈7 mm. All of the stars were
resolved and their radio diameters range from ∼5–10 AU
(∼ 4R⋆). The photospheric shapes range from nearly round
to ellipticities of∼0.15. However, comparisonswith observa-
tions from several years earlier reveal that the photospheric
parameters (mean size, shape, and/or ﬂux density) have in all
cases changed with time.
Using a novel imaging algorithm known as sparse model
image reconstruction (Akiyama et al., 2017), super-resolved
images of the VLA-imaged stars were derived with eﬀective
Figure 10: The radio photosphere of the AGB star R Leo, im-
aged with the VLA at λ ≈7 mm. The star exhibits both a
non-spherical shape and a non-uniform surface. This image
was produced using sparse model image reconstruction, en-
abling super-resolution of∼0.75 times the dirty beamFWHM
of 38 mas. The peak ﬂux density is ∼4 mJy beam−1 and the
image is ∼150 mas on a side. Adapted from Matthews et al.
(2018).
angular resolutions of∼20–30mas (Matthews et al., 2018 and
in prep.; Figure 10). The resulting images reveal evidence for
irregular shapes and brightness non-uniformities across the
radio surfaces. Similar features are also indicated in the vis-
ibility domain. These trends are consistent with manifesta-
tions of large-scale, irregular convective ﬂows on the stellar
surfaces.
3 Outlook
After the end of the structured portion of the splinter ses-
sion, the participants engaged in a lively discussion, with the
organizers encouraging a focus on future directions for the
ﬁeld of stellar radio astronomy. Of particular interest was
a new class of very large (&1000 hr) “X proposals” that the
U.S. National Radio AstronomyObservatory was considering
oﬀering in future calls. Splinter session co-organizer R. Os-
ten subsequently led the preparation and submission of an
“expression of interest” to the NRAO outlining a vision for a
deep, multi-frequency survey of all of the stars within 10 pc
of the Sun. At the time of the submission of this contribu-
tion, it is unknown whether the NRAO will proceed with the
X-proposal program.
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